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Introduction
Maturity-onset diabetes of the young (MODY) is a monogenic subgroup of diabetes mellitus characterized by autosomal dominant inheritance, non-insulin diabetes onset usually before 25 years of age and decreased insulin production or secretion response to glucose. At least 13 different genes have been reported to be associated with MODY to date (1) . Approximately 1-2% of patients with diabetes have a monogenic type (2) . The inactivating mutations in the nuclear transcription factor 1 homeobox A (HNF1A), the hepatocyte nuclear factor 4 homeobox (HNF4A) and the glucokinase (GCK) are the most common causes of MODY (3) . Other genes associated with MODY are infrequently detected: HNF1B, IPF, NEUROD, PDX1, KLF11, CEL, PAX4, BLK, ABCC8 and KCNJ11 (3) . While the heterozygous inactivating mutations in the GCK gene lead to asymptomatic mild fasting hyperglycemia, mutations in the genes of HNF1A and HNF4A lead to progressive failure in insulin secretion and worsening of glucose tolerance with age (4). HNF4A is a member of the steroid/thyroid hormone receptor superfamily and plays a major role in glucose stimulated insulin secretion. Homozygous HNF4A mutation is lethal at the early embryonic stage (5) . However, heterozygous HNF4A mutations have a Janus effect on glucose metabolism, which leads to either macrosomia and hyperinsulinemic hypoglycemia during infancy or MODY Type I in adulthood (6) . The mutations of the genes involved in MODY are typically inherited from affected parents. However, a few de novo mutations have also been reported to date (4, 7) . In this study, we report on an interesting patient with MODY Type I that resulted from a novel and de novo mutation in the HNF4A gene.
Case Report
A 14-year-old girl was referred to our outpatient clinic due to fatigue and polyuria; and hyperglycemia was detected afterwards. She was born full term after an uneventful pregnancy with a birth weight of 5.500 gr [4.9 standard deviation (SD) score]. Her parents were healthy and there was no consanguinity between them. The family history revealed no diabetes. Physical examination of the case revealed a height of 163 cm (SD score 0.29), weight of 64.7 kg (SD score 1.2) and body mass index (BMI) of 24 kg/m 2 (SD score 1.2). Acanthosis nigricans or stria was not found. A puberty examination according to the Tanner scale was stage 5 and she had a regular pattern of menstrual periods. On admission, laboratory analyses showed hyperglycemia, a relatively low level of C-peptide, elevated glycated hemoglobin (HbA1c), a low level of triglycerides and negative autoantibodies regarding diabetes (Table I) . Urine analysis revealed 2+ glycosuria and no ketosis. The parents had normal fasting blood glucose and HbA1c levels. These findings indicated a most probable diagnosis of MODY. We initiated an insulin glargine only treatment (0.2 unit/kg/day). Postprandial hyperglycemia was rarely observed and no significant hypoglycemia was seen with this treatment. HbA1c decreased to 6.3%.
Molecular Analysis
Genomic DNA was extracted from peripheral blood leukocytes of the patient and her parents by using MagNA Pure LC DNA Isolation Kit I (Roche Diagnostics, Mannheim, Germany) according to the manufacturer's protocol. All coding exons and exon-intron boundaries of the HNF4A gene were amplified by polymerase chain reaction (PCR). After purification of PCR products, mutational analysis was performed by direct sequencing of the coding exons and flanking introns of the HNF4A gene in an ABI PRISM 3500 genetic analyzer (Applied Biosystems, Foster City, California, USA). As a reference sequence, NM_175914 (obtained from GenBank accession number) for HNF4A was used. While the father and mother had no mutation, analysis of the patient revealed a p.C93Y (c.278G>A) heterozygous novel change in the third exon of HNF4A (Figure 1 ). This missense mutation was not found in the Ensembl and Human Gene Mutation Database (HGMD). It was interpreted to be "disease causing" by the Mutation Taster Software (test score: 0.999999999999997) (http://www.mutationtaster.org). The cysteine residue in position 93 is highly conserved across different species ( 
Discussion
GCK and HNF1A mutations are responsible for the majority of MODY cases. Of all MODY cases, 20-50% are caused by GCK and HNF1A, approximately 10% are from a mutation of HNF4A or HNF1B (3). Studies from our country reported that GCK is the most common subtype (9) (10) (11) . In the present study, we have identified a novel heterozygous G-to-A substitution at 278 position (c.278G>A) that changes cysteine to tyrosine amino acid (p.C93Y) in exon 3 in HNF4A, which leads to MODY Type I. Flanagan et al. (8) have reported a different de novo HNF4A mutation at the same position (p.C93S, c.278 G>C) leading to a diazoxide responsive hyperinsulinemic hypoglycemia that was diagnosed within the first week of life in a patient born with macrosomia (4.100 gr). Our group (9) did not detect HNF4A mutations in 42 children diagnosed with MODY, but Ağladıoğlu et al. (10) analyzed 43 patients with MODY and identified two cases with the same heterozygous HNF4A mutations. One of the cases had a missense mutation (c.416C>T), which is associated with Type II diabetes mellitus in the HGMD. The other patient was carrying both heterozygous HNF4A (c.416C>T) and HNF1A mutations. As distinct from those two cases, our case had a de novo mutation. Findings of the multicenter study by Stanik et al. (4) underlined that de novo mutations of cases with MODY are more frequent than previously assumed. As a result, the authors emphasize the importance of genetic testing for MODY in patients without a family history (4). Thanabalasingham et al. (12) reported that measurable serum C-peptide is valuable in the diagnosis of MODY in individuals diagnosed with diabetes before 30 years of age. Moreover, they speculated that a family history of diabetes, presence or absence of autoantibodies regarding diabetes and metabolic disturbances (e.g. insulin resistance) were less important than previously thought (13) . In the present case, the age at onset of diabetes, the negative family history, normal BMI, an absence of autoantibodies to pancreatic cell fragments and a measurable C-peptide level indicated MODY and a novel mutation in HNF4A was detected subsequently. Consistent with the literature, this patient was highly responsive to even low doses of sulfonylurea with no hypoglycemia. The majority of MODY Type I individuals are born with macrosomia (>4.000 gr) similar to the offspring of women with diabetes (13) . Macrosomia is related to considerable fetal and maternal morbidity (13) . In case of maternal diabetes, incremental glucose exposure to the fetus via the placenta results in incremental fetal insulin secretion and macrosomia develops subsequently due to insulinmediated growth. However, the mother is normoglycemic in cases of de novo heterozygous HNF4A mutations and Figure 2 . Partial protein alignment of HNF4A gene from different species around position 93. The cysteine residue in position 93 is highly conserved. Cystein is a polar neutral amino acid whereas tyrosine is a polar hydrophilic amino acid. C93Y mutation may change the secondary or tertiary structure of HNF4A protein and impair its function associated fetal macrosomia is thought to be related to a different, yet unknown mechanism. HNF4A mutations are thought to have dual opposite roles in insulin secretion from beta cells (13) . While these mutations usually lead to increased insulin secretion and subsequent hypoglycemia in newborns (not seen in our case), this effect is switched to impaired insulin secretion in adulthood resulting in glucose intolerance. Pearson et al. (5) asserted the underlying etiology of macrosomia in cases with a HNF4A mutation is associated with incremental endogenous insulin production. Since they found that 56% of the newborns with a heterozygous HNF4A mutation were macrosomic, birth weight was considered to be related with individual genetic characteristics as well as the maternal intra-uterine environment (6) . All in all, HNF4A gene mutation should be considered in differential diagnosis of macrosomic newborns in spite of a negative family history for diabetes or hypoglycemia. Unlike MODY 2 cases, progressive hyperglycemia becomes evident in individuals of MODY 1 and MODY 3. Therefore, besides dietary treatment, they frequently require pharmacotherapy such as sulfonylureas, which usually allows for better glycemic control especially in children and young adults (4, 7, 14) . It is well known that MODY 1 and MODY 3 cases are likely to develop microvascular complications at a similar rate compared with those of Type I or II diabetes (14) . We switched the treatment of our case from insulin to sulfonylurea (glibenclamide 5 mg/day, b.i.d) when the diagnosis of MODY 1 was genetically proven. In followup, glycemic control was better and no hypoglycemia was observed. The transcription factor of HNF4A is an activator of genes involved in the control of lipid homeostasis as well as glucose metabolism (15) . It has been demonstrated that HNF4A mutation carriers have low circulating triglycerides and apolipoprotein concentrations (16) . In line with this, in another study, it was shown that a HNF4A knockout mouse had reduced fasting serum levels of total cholesterol, high-density lipoprotein, triglycerides and apolipoprotein (16) . Our patient, similarly, had low serum level of triglycerides, which suggests an essential role of HNF4A in the complex transcription factor network that controls lipid regulation. In conclusion, herein, we described a rare cause of diabetes resulting from a novel and de novo heterozygous mutation in the HNF4A gene. We emphasize that genetic testing is crucial for both establishing an accurate diagnosis and providing an option to determine whether patients are sensitive to sulfonylurea or not. In addition, we underline that genetic testing of HNF4A might be considered for carefully selected patients born with macrosomia without hypoglycemia or a family history of diabetes.
